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DESCRIPTION 



GAS TURBINE ENGINE 



Technical Field 

The present invention relates to a gas turbine engine such as a jet 
engine capable of obtaining rotation force from a turbine by operating the 
turbine by means of expansion of a combustion gas or capable of 
obtaining propulsion by injecting combustion gas injected from the 
turbine. 

Background Art 

Japanese Patent Application Laid-open No. Hei8-296455 (laid 
open in 1996) discloses a conventional technique of a jet engine as one 
example of conventional gas turbine engines. This conventional 
technique will be briefly explained hereinbelow. 

The jet engine includes a fan which takes in air, a compressor 
which compresses the air taken by the fan, a combustor which bums fuel 
in the compressed air compressed by the compressor, and a turbine which 
is operated by expansion of combustion gas from the combustor and 
which operates the fan and the compressor in association. 

Thus, air is taken in by the operation of the fan, and the air is 
compressed by the operation of the compressor. When the fiiel is bumed 
in the compressed air by the combustor, the combustion gas from the 
combustor is expanded to operate the turbine, and consequently the fan 
and the compressor are operated by the turbine. Since this series of 
operations (operation of the fan, operation of the compressor, combustion 
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by the combustor and operation of the turbine) is continuously carried out, 
the jet engine can appropriately be operated, and rotation force can be 
obtained from the turbine and propulsion can be obtained by the 
combustion gas injected from the turbine. 

5 During the operation of the jet engine, excessive centrifugal force 

is applied to a rim of a turbine disc of the turbine by high speed rotation 
of the turbine disc. The turbine disc is heated to a high temperature due 
to the combustion gas from the combustor and allowable stress of the 
turbine disc is lowered. Thus, in the jet engine, the following structure 

10 is employed to sufficiently lower the temperature of the turbine disc. 

That is, the rim of the turbine disc is appropriately formed with a 
plurality of cooling holes in its circumferential direction, and a portion of 
the compressed air can flows into each cooling hole as cooling air. A 
stationary section is provided on a front side and near side of the turbine 

15 disc. The stationary section is provided with a cooling duct. The 

cooling duct is in communication with the cooling holes, and the cooling 
air is introduced into the cooling holes. 

During the operation of the jet engine, the cooling air is 
introduced into the cooling holes by the cooling duct, and flows into the 

20 cooling holes. With this structure, the rim of the turbine disc can be 
cooled and the allowable stress of the turbine disc can be prevented from 
being lowered. 

In case the jet engine is allowed to operate in a high output state, 
however, the rotation speed of the turbine disc is increased and a large 
25 amount of combustion gas is entrained toward a center of the disc from 
the rim of the turbine disc. Thus, the flow rate of the cooling air which 
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flows into the cooling passage is increased and it is necessary to 
sufficiently cool the turbine disc. On the other hand, the turbine disc is 
sufficiently cooled, however, the consumed flow rate of the cooling air is 
increased to generate energy loss, and the energy efficiency of the jet 

5 engine is deteriorated. 

The present invention has been achieved in order to solve the 
above problem, and it is a first object of the invention to provide a gas 
turbine engine capable of operating in a high output state by preventing 
the energy efficiency from being deteriorated. 

10 It is a second object of the invention to provide a gas turbine 

engine capable of sufficiently preventing the combustion gas fi-om being 
entrained toward the center of the turbine disc only by flowing the 
cooling air of small flow rate. 



15 Disclosure of the Invention 

In order to achieve the above object, a gas turbine engine 
according to a first aspect of the present invention comprises: a 
compressor which compresses air; a combustor which bums fuel in the 
compressed air compressed by the compressor; a turbine which is 

20 operated by expansion of combustion gas fi-om the combustor and which 
operates the compressor in association; and 

a cooling plate which is provided on a stationary section in the 
vicinity of a turbine disc in the turbine, and which extends in a radial 
direction of the turbine disc such as to be opposed to a side surface of a 

25 rim of the turbine disc such that the opposing surface of the cooling plate 
is close to the side surface of the rim, and 
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a cooling passage into which a portion of the compressed air can 
flow as cooling air is formed between the opposing surface of the cooling 
plate and the side surface of the rim. 

According to the first aspect of the present invention, the 
5 compressor is operated to compress the air. When fuel is allowed to 
bum in the compressed air, combustion gas from the combustor expands 
to operate the turbine, and the turbine operates the compressor in 
association. By continuously carrying out the series of operations 
(operation of the compressor, combustion by the combustor, and 
10 operation of the turbine), the gas turbine engine can appropriately be 
operated, the rotation force can be obtained from the turbine and 
propulsion can be obtained by the combustion gas injected from the 
turbine. 

During the operation of the gas turbine, the cooling air flows into 
15 the cooling passage and is discharged toward the main passage. Here, 
the cooling plate extends in the radial direction of the disc such as to be 
opposed to the side surface of the rim, and the opposing surface of the 
cooling plate is close to the side surface of the rim. Therefore, a 
circulating cooling air flow layer having high cooling effect is formed in 
20 the cooling passage. With this configuration, it is possible to sufficiently 
suppress the combustion gas from being entangled toward the center of 
the disc from the rim side only by flowing a small amount of cooling air 
into the cooling passage. 

Therefore, the consumption amount of cooling air required for 
25 cooling the entire turbine disc can be reduced, and the jet engine can be 
operated in the high output state while suppressing the reduction of the 
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energy efficiency of the gas turbine engine. 

A second aspect of the present invention provides the gas turbine 
engine according to the first aspect, wherein the opposing surface of the 
cooling plate is substantially in parallel to the side surface of the rim. 

5 According to the second aspect of the present invention, since the 

opposing surface of the cooling plate is substantially in parallel to the side 
surface of the rim, the circulating cooling air flow layer having higher 
cooling effect can be formed in the cooling passage. 
Accordingly, the effect is further enhanced. 

10 A gas turbine engine according to a third aspect of the present 

invention comprises: a compressor which compresses air; a combustor 
which bums fuel in the compressed air compressed by the compressor; a 
turbine which is operated by expansion of combustion gas from the 
combustor and which operates the compressor in association; a front 

15 cooling plate which is provided on a front stationary section in the 
vicinity of a front side of a turbine disc in the turbine; 

a cooling plate which is provided on a front stationary section in 
the vicinity of a turbine disc in the turbine, and which extends in a radial 
direction of the turbine disc such as to be opposed to a front surface of a 

20 rim of the turbine disc such that the opposing surface of the cooling plate 
is close to the front surface of the rim; 

a front cooling passage which is formed between the opposing 
surface of the front cooling plate and the front surface of the rim, and into 
which a portion of compressed air £is cooling air can flow; 

25 a rear cooling plate which is provided on a rear stationary section 

in the vicinity of a rear side of the turbine disc and which extends in a 
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radial direction of the disc such as to be opposed to a rear surface of the 
rim such that the opposing surface of the rear cooling plate is close to the 
rear surface of the rim; and 

a rear cooling passage which is formed between the opposing 

5 surface of the rear cooling plate and the rear surface of the rim, and into 
which a portion of the compressed air as the cooling air can flow. 

According to the third aspect of the present invention, the 
compressor is operated to compress the air. If fiiel is allowed to bum in 
the compressed air, combustion gas from the combustor expands to 

10 operate the turbine, and the turbine operates the compressor in association. 
By continuously carrying out the series of operations (operation of the 
compressor, combustion by the combustor, and operation of the turbine), 
the gas turbine engine can appropriately be operated, the rotation force 
can be obtained from the turbine and propulsion can be obtained by the 

15 combustion gas injected from the turbine. 

During the operation of the gas turbine, the cooling air flows into 
the cooling passage and is discharged toward the main passage. Here, 
the front cooling plate extends in the radial direction of the disc such as to 
be opposed to the front surface of the rim, and the opposing surface of the 

20 front cooling plate is close to the front surface of the rim. Therefore, a 
circulating cooling air flow layer having high cooling effect is formed in 
the front cooling passage. Similarly, the rear cooling plate extends in the 
radial direction of the disc such as to be opposed to the rear surface of the 
rim, and the opposing surface of the rear cooling plate is close to the rear 

25 surface of the rim. Therefore, a circulating cooling air flow layer having 
high cooling effect is formed in the rear cooling passage. With this 
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configuration, it is possible to sufficiently suppress the combustion gas 
from being entangled toward the center of the disc from the rim side only 
by flowing a small amount of cooling air into the front and rear cooling 
passages. 

5 Therefore, the consumption amount of cooling air required for 

cooling the entire turbine disc can be reduced, and the jet engine can be 
operated in the high output state while suppressing the reduction of the 
energy efficiency of the gas turbine engine. 

A fourth aspect of the present invention provides the gas turbine 

10 engine according to the third aspect, wherein the opposing surface of the 
front cooling plate is substantially in parallel to the front surface of the 
rim, and the opposing surface of the rear cooling plate is substantially in 
parallel to the rear surface of the rim. 

According to the fourth aspect of the present invention, since the 

15 opposing surface of the front cooling plate is substantially in parallel to 
the front surface of the rim, the circulating cooling air flow layer having 
higher cooling effect can be formed in the front cooling passage. 
Similarly, since the opposing surface of the rear cooling plate is 
substantially in parallel to the rear surface of the rim, the circulating 

20 cooling air flow layer having higher cooling effect can be formed in the 
rear cooling passage. 

Since the circulating cooling air flow layers having higher cooling 
effect can be formed in the front and rear cooling passages, the effect is 
further enhanced. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is an enlarged view of a portion I shown with an arrow in 

Fig. 2; 

Fig. 2 is a schematic partially sectional view of a jet engine 
according to an embodiment of the present invention; 

Fig. 3A shows a dimensionless temperature distribution of a 
periphery of a rim of a front seal when a front cooling plate is used; 

Fig. 3B shows a dimensionless temperature distribution of the 
periphery of the rim of the front seal when the front cooling plate is not 
used; 

Fig. 4A shows a dimensionless temperature distribution of a 
periphery of a rim of a rear seal when a rear cooling plate is used; 

Fig. 4B shows a dimensionless temperature distribution of the 
periphery of the rim of the rear seal when the rear cooling plate is not 

used; 

Fig. 5 is a partial enlarged view for explaining comparison 
between sizes of various portions of the periphery of the rim of the front 
seal including the front cooling plate; and 

Fig. 6 is a partial enlarged view for explaining comparison 
between sizes of various portions of the periphery of the rim of the rear 
seal including the rear cooling plate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring now to Figs. 1 and 2, an embodiment of the present 

invention will be explained hereinbelow. 

Fig. 1 is an enlarged view of a portion I shown with an arrow in 

Fig. 2, and Fig. 2 is a schematic partially sectional view of a jet engine 
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according to the embodiment of the present invention. Here, the term 
"front" means "left" in Figs. 1 and 2, and the term "rear" means "right" in 
Figs. 1 and 2. 

As shown in Fig. 2, the jet engine (one of gas turbine engines) 1 
5 according to the embodiment of the present invention is used for an 

aircraft. The jet engine mainly comprises an outer cylinder frame 3 and 
an inner cylinder frame 5 which is integrally provided inside the outer 
cylinder frame 3. An annular main passage (core passage) 7 is formed 
inside the inner cylinder frame 5. An inner bypass passage 9 is formed 

10 between an inner side of the outer cylinder frame 3 and an outer side of 
the inner cylinder frame 5. 

A fan 1 1 is rotatably provided on a front end of the inner cylinder 
frame 5. The fan 1 1 takes air into the main passage 7 and the bypass 
passage 9. The fan 1 1 is provided at its central portion with an inlet 

15 cone 13 which guides the air. 

A low-pressure compressor 1 5 is provided in the inner cylinder 
frame 5 at the rear side of the fan 11. The low-pressure compressor 15 
compresses, under a low pressure, the air which is taken into the main 
passage 7. The low-pressure compressor 15 includes a plurality of 

20 low-pressure compressor stators 17 provided on the inner cylinder frame 
5 along a main stream direction (leftward in Fig. 2), and a plurality of 
low-pressure compressor rotors 19 rotatably provided on the inner 
cylinder frame 5 along the main stream direction. The low-pressure 
compressor stators 17 and the low-pressure compressor rotors 19 are 

25 alternately disposed, and the low-pressure compressor rotors 1 9 are 
integrally connected to the fan 11, 
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A high-pressure compressor 21 is provided on a rear side of the 
low-pressure compressor 15 in the inner cylinder frame 5. The 
high-pressure compressor 21 further compresses, under high pressure, the 
compressed air which was compressed under low pressure. The 
5 high-pressure compressor 21 includes a plurality of high-pressure 

compressor stators 23 provided on the inner cylinder frame 5 along the 
main stream direction, and a plurality of high-pressure compressor rotors 
25 rotatably provided on the inner cylinder frame 5 along the main stream 
direction. The high-pressure compressor stators 23 and the 

10 high-pressure compressor rotors 25 are altemately disposed. 

A combustor 27 is provided on a rear side of the high-pressure 
compressor 21 in the inner cylinder frame 5. The combustor 27 bums 
the fuel in the compressed air compressed under high pressure. The 
combustor 27 includes an annular combustor casing 29 provided on the 

15 inner cylinder frame 5, an annular combustor liner 3 1 provided inside the 
combustor casing 29, and an injection nozzle 33 provided on the 
combustor liner 3 1 for injecting the fuel. An interior of the combustor 
casing 29 and an interior of the combustor liner 3 1 form a portion of the 
main passage 7. The interior of the combustor casing 29 and the interior 

20 of the combustor liner 3 1 are in communication with each other through a 
plurality of communication holes (not shown). 

A high-pressure turbine 35 is provided on a rear side of the 
combustor 27 in the inner cylinder frame 5. The high-pressure turbine 
35 is operated by expansion of the combustion gas from the combustor 27 

25 and operates the high-pressure compressor 21 in association. The 
high-pressure turbine 35 includes a high-pressure turbine stator 37 
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provided on the inner cylinder frame 5, and a high-pressure turbine rotor 
39 rotatably provided in the inner cylinder frame 5. The high-pressure 
turbine rotor 39 is integrally connected to the high-pressure compressor 
rotors 25 through a high-pressure turbine shaft (not shown), so that when 

5 the high-pressure turbine 35 is operated, the high-pressure compressor 21 
can be operated in association. 

A low-pressure turbine 41 is provided on the rear side of the 
high-pressure turbine 35 in the inner cylinder frame 5. The low-pressure 
turbine 41 is operated by expansion of the combustion gas and operates 

10 the low-pressure compressor 1 5 and the fan 1 1 in association. The 
low-pressure turbine 41 includes a plurality of low-pressure turbine 
stators 43 provided on the inner cylinder frame 5 along the main stream 
direction, and a plurality of low-pressure turbine rotors 45 rotatably 
provided on the inner cylinder frame 5. The low-pressure turbine stators 

15 43 and the low-pressure turbine rotors 45 are altemately disposed. The 
low-pressure turbine rotors 45 are integrally connected to the 
low-pressure compressor rotors 19 through a low-pressure turbine shaft 
(not shown), so that when the low-pressure turbine 41 is operated, the 
low-pressure compressor 15 and the fan 1 1 can be operated in association. 

20 A tail cone 47 is provided at the rear end of the inner cylinder 

frame 5. The tail cone 47 guides the combustion gas injected from the 
low-pressure turbine 41 in the main passage 7. Consequently, the 
combustion gas injected from the main passage 7 is enveloped in a 
cylindrical configuration by air injected from the bypass passage 9. 

25 Continuously, a specific structure of the high-pressure turbine 35 

which is an essential portion of the embodiment of the present invention 
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will be explained. 

As shown in Fig. 1, the high-pressure turbine stator 37 which is a 
constituent element of the high-pressure turbine 35 comprises a blade 
support member 49 fixed to the inner cylinder frame 5, and a large 
5 number of turbine stationary blades 5 1 (only one of them is shown in the 
drawing) provided on the blade support member 49 at equal distances 
from one another in the circumferential direction. 

A high-pressure turbine rotor 39 which is a constituent element of 
the high-pressure turbine 35 comprises a turbine disc 55 which is 

10 rotatably provided in the inner cylinder frame 5 and which is provided at 
its rim with a large number of notches 53, and a large number of turbine 
moving blades 57 (only one of them is shown in the drawing) which are 
fitted to the notches 53 of the turbine disc 55. Furthermore, the turbine 
disc 55 comprises an annular disc body 59 having a large number of 

15 notches 53, an annular front seal 61 which is provided on a front side of 
the disc body 59 and which holds the turbine moving blades 57 so as not 
to move forward, and a rear seal 63 which is provided on a rear side of the 
disc body 59 and which holds the turbine moving blades 57 so as not to 
move rearward. 

20 The turbine disc 55 is heated to a high temperature due to the 

combustion gas from the combustor 27. Therefore, in this embodiment 
of the invention, the following configuration is employed to sufficiently 
lower the temperature of the turbine disc 55 and the like. 

Namely, two front labyrinth seals 65 and 67 are interposed 

25 between the high-pressure turbine stator 37 and the high-pressure turbine 
rotor 39. The front labyrinth seals 65 and 67 prevent the combustion gas 
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from flowing on a front side of the turbine disc 55 in the direction from a 
peripheral portion of the turbine disc 55 toward a center of the turbine 
disc 55 (center of the engine). The front labyrinth seal 65 includes an 
annular stationary seal member 69 which is provided on a front side of the 
5 turbine disc 55 in the blade support member 49, and an annular moving 
seal member 71 which is integrally formed with the front seal 61. The 
front labyrinth seal 67 includes an annular stationary seal member 73 
which is provided inside of the stationary seal member 69 in the blade 
support member 49, and an annular moving seal member 75 which is 
10 integrally formed inside of the moving seal member 71 in the front seal 
61. 

A rear stationary member 77 is provided on a rear side of the 
turbine disc 55 in the inner cylinder frame 5. A rear labyrinth seal 79 is 
interposed between the high-pressure turbine rotor 39 and the rear 

15 stationary member 77. The rear labyrinth seal 79 prevents the 

combustion gas from flowing through the rear side of the turbine disc 55 
toward the center of the turbine disc 55. The rear labyrinth seal 79 
includes an annular stationary seal member 8 1 provided on a rear side of 
the turbine disc 55 in the rear stationary member 77, and an annular 

20 moving seal member 83 which is integrally formed with the rear seal 63. 

Furthermore, labyrinth seals, not shown, other than the labyrinth 
seals 65, 67, and 79 are appropriately interposed between the 
high-pressure turbine stator 37 and the high-pressure turbine rotor 39, as 
well as between the high-pressure turbine rotor 39 and the rear stationary 

25 member 77. 

The stationary seal member 69 in the front labyrinth seal 65 is 



14 



integrally formed with an annular front cooling plate 85. The front 
cooling plate 85 extends in a radial direction of the turbine disc 55 such as 
to be opposed to a front surface of a rim of the front seal 61 (front surface 
of the rim of the turbine disc 55). The opposing surface of the front 
5 cooling plate 85 is close and substantially in parallel to the front surface 
of the rim of the front seal 61. A front cooling passage 87 is formed 
between the opposing surface of the front cooling plate 85 and the front 
surface of the rim of the front seal 61. A portion of the compressed air 
as cooling air can flow through the front cooling passage 87. The blade 

10 support member 49 is provided with a plurality of through holes 89 (only 
one of them is shown in the drawing) which are arranged in the 
circumferential direction. The front cooling passage 87 is in 
communication with an outer portion (one of cooling air sources) of the 
combustor liner 3 1 in the combustor casing 29 through the through holes 

15 89 and a fine gap of the front labyrinth seal 65. 

Instead of integrally forming the front cooling plate 85 and the 
stationary seal member 69, the front cooling plate 85 may be provided on 
a front flange 91 disposed in the vicinity of a front side of the turbine disc 
55 in the blade support member 49. 

20 The stationary seal member 8 1 in the rear labyrinth seal 79 is 

integrally formed with an annular rear cooling plate 93. The rear 
cooling plate 93 extends in a radial direction of the turbine disc 55 such as 
to be opposed to a rear surface of a rim of the rear seal 63 (rear surface of 
the rim of the turbine disc 55). The opposing surface of the rear cooling 

25 plate 93 is close to and substantially in parallel to the rear surface of the 
rim of the rear seal 63. A rear cooling passage 95 is formed between the 
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Opposing surface of the rear cooling plate 93 and the rear surface of the 
rim of the rear seal 63. A portion of the compressed air as cooling air 
can flow through the rear cooling passage 95. The rear cooling passage 
95 is in communication with an appropriate cooling air source through a 
5 fine gap of the rear labyrinth seal 79 or the like. 

Instead of integrally forming the rear cooling plate 93 and the 
stationary seal member 81, the rear cooling plate 93 may be provided on a 
rear flange 97 disposed in the vicinity of a rear side of the turbine disc 55 
in the rear stationary member 77. 

10 The turbine moving blades 57 are configured to have a hollow 

structure as shown in Japanese Patent Application Laid-open No. 
2002-303 10 1 . A rear surface of the turbine moving blade 57 is formed 
with a large number of blowout holes (not shown) which are in 
communication with an interior of the blade. Communication cooling 

15 passages 99 are formed between the turbine moving blades 57 and 

corresponding notches 53. A portion of the compressed air as cooling 
air can flow through the communication cooling passage 99. Interiors of 
the turbine moving blades 57 and the corresponding communication 
cooling passages 99 are in communication with each other through 

20 communicating openings (not shown). Furthermore, the fi"ont seal 61 is 
formed with a plurality of through holes 101 (only one of them is shown 
in the drawing) in the circumferential direction. The communication 
cooling passage 99 are in communication with an outer portion of the 
combustor liner 3 1 in the combustor casing 29 through the through holes 

25 101 and the through holes 89. 

Next, operations of the embodiment according to the present 
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invention will be explained. 

First, an appropriate starter device (not shown) is operated to 
operate the high-pressure compressor 21, thereby rotating plural stages of 
the high-pressure compressor rotors 25. With this operation, air is 
5 compressed by plural stages of the high-pressure compressor stators 23 
and the plural stages of the high-pressure compressor rotors 25. With 
this operation, the jet engine 1 is started. If the rotation number of the 
high-pressure compressor stators 23 reaches to the predetermined rotation 
number, the operation of the starter device is stopped. 

10 When the fuel is bumed in the compressed air by the combustor 

27, the expansion of the combustion gas through the combustor liner 3 1 
operates the high-pressure turbine 35 and the low-pressure turbine 41, 
thereby rotating plural stages of the high-pressure turbine rotors 39 and of 
the low-pressure turbine rotors 45. The high-pressure turbine 35 

15 operates the high-pressure compressor 21 in association, thereby rotating 
the high-pressure compressor rotors 25. The low-pressure turbine 4 1 
operates the low-pressure compressor 1 5 and the fan 1 1 in association, 
thereby integrally rotating the plural stages of the low-pressure 
compressor rotors 19 and the fan 1 1 . With this operation, air is taken 

20 into the main passage 7 and the bypass passage 9 by the operation of the 
fan 1 1, and the air is compressed, under low pressure, by the plural stages 
of the low-pressure compressor stators 17 and of the low-pressure 
compressor rotors 19, and this air compressed under low pressure is 
further compressed, under high pressure, by the plural stages of the 

25 high-pressure compressor stators 23 and the plural stages of the 
high-pressure compressor rotors 25. 
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By continuously carrying out this series of operations (rotation of 
the fan 1 1, operation of the low-pressure compressor 15, operation of the 
high-pressure compressor 21, combustion by the combustor 27, operation 
of the high-pressure turbine 35, and operation of the low-pressure turbine 
5 41), the jet engine 1 can appropriately be operated, the rotation force can 
be obtained from the high-pressure turbine 35, and propulsion can be 
obtained by the combustion gas injected from the low-pressure turbine 41 
in the main passage 7. During the operation of the jet engine 1 , cold air 
is injected from the bypass passage 9, and the combustion gas is 

10 enveloped by this cold air. Therefore, noise which may be caused by 
injection of the combustion gas can be suppressed, and the amount of fiiel 
to be consumed can be reduced. 

During the operation of the jet engine 1, the front labyrinth seals 
65 and 67 prevent the combustion gas from passing through the front side 

15 of the turbine disc 55 and from flowing toward the center of the turbine 
disc 55, and the rear labyrinth seal 79 prevents the combustion gas from 
passing through the rear side of the turbine disc 55 and from flowing 
toward the center of the turbine disc 55. 

Further, the cooling air (a portion of the compressed air) from the 

20 outside of the combustor liner 3 1 in the combustor casing 29 flows into 
the front cooling passage 87 through the through holes 89 and the fine gap 
of the front labyrinth seal 65, and the cooling air is discharged toward the 
main passage 7. The cooling air from the appropriate cooling air source 
flows into the rear cooling passage 95 through the fine gap of the rear 

25 labyrinth seal 79 and is discharged toward the main passage 7. The front 
cooling plate 85 extends in the radial direction of the disc such as to be 
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opposed to the front surface of the rim of the front seal 61, in a manner 
such that the opposing surface of the front cooling plate 85 is close to the 
front surface of the rim of the front seal 61. Therefore, a circulating 
laminar air flow having high cooling effect is formed in the front cooling 

5 passage 87. Similarly, the rear cooling plate 93 extends in the radial 
direction of the disc such as to be opposed to the rear surface of the rim of 
the rear seal 63, in a manner such that the opposing surface of the rear 
cooling plate 93 is close to the rear surface of the rim of the rear seal 63. 
Therefore, another circulating laminar air flow having high cooling effect 

10 is formed in the rear cooling passage 95. With these configurations, it is 
possible to sufficiently suppressing the combustion gas from being 
entangled toward the center of the disc from the rim of the front seal 61 or 
the rim of the rear seal 63 only by flowing a small amount of cooling air 
into the front cooling passage 87 and into the rear cooling passage 95. 

15 With the above configurations, the temperature of the entire 

turbine disc 55, especially the temperature of the rim of the front seal 61 
and the rim of the rear seal 63 can sufficiently be lowered. 

The cooling air from the outer portion of the combustor liner 3 1 in 
the combustor casing 29 flows into the communication cooling passage 

20 99 through the through holes 89 and the through holes 101, and is 
discharged toward the main passage 7 from the blowout holes in the 
turbine moving blades 57 through the interiors of the turbine moving 
blades 57. With this configuration, the temperature of the turbine 
moving blades 57 can sufiBciently be lowered. 

25 According to the embodiment of the invention, it is possible to 

sufficiently suppressing the combustion gas from being entangled toward 
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the center of the disc from the rim of the front seal 61 or the rim of the 
rear seal 63 only by flowing a small amount of cooling air into the front 
cooling passage 87 and the rear cooling passage 95. Therefore, the 
consumption amount of cooling air required for cooling the entire turbine 
5 disc 55 can be reduced, and the jet engine 1 can be operated in the high 
output state while suppressing the reduction of the energy efficiency of 
the jet engine 1. 

Next, details of the jet engine 1 according to the present invention 
will be explained with reference to Figs. 3A, 3B, 4A, 4B, 5, and 6. 

10 Fig. 5 is an enlarged view of a peripheral portion of the rim of the 

front seal 61 including the front cooling plate 85 shown in Fig. 1. In Fig. 
5, a symbol S represents a distance between the high-pressure turbine 
rotor 39 (especially the front seal 61) and the high-pressure turbine stator 
37 in the axial direction of the jet engine 1 . When two or more 

15 high-pressure turbine rotors 39 are provided, the distance S is regarded as 
an average value of the distances. A symbol Sc represents a distance 
between the high-pressure turbine rotor 39 and the front cooling plate 85 
in the axial direction of the jet engine 1. When two or more 
high-pressure turbine rotors 39 are provided, the distance Sc is regarded 

20 as an average value of the distances. Here, a proportion of these two 
factors is set as follows: 
Sc/S=0.1 to 0.2. 

In the drawing, a symbol Sc2 represents a minimum distance 
between a tip end of the front flange 91 and a tip end of the front cooling 
25 plate 85 in the axial direction of the jet engine 1 , and a proportion of the 
factors Sc2 and S is set as follows: 
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Sc2/S>0.2. 

In the drawing, a symbol Src represents a minimum distance 
between the tip end of the front flange 91 and the tip end of the front 
cooling plate 85 in the radial direction of the jet engine 1, and a symbol 
5 Ra represents a distance between a center axis AX of the jet engine 1 and 
a center position of a rim cavity in the radial direction of the jet engine 1. 
A proportion of these two factors is set as follows: 

Src/Ra>0.005. 

In the drawing, a symbol 9dv represents an angle (absolute value) 
10 formed between the high-pressure turbine rotor 39 (especially the front 
seal 61) and the front cooling plate 85 in a meridian plane of the jet 
engine 1, and the angle is set as follows: 

edv<10°. 

Next, Fig. 6 is an enlarged view of a peripheral portion of the rim 
15 of the rear seal 63 including the rear cooling plate 93. In Fig. 6, a 

symbol Sc represents a distance between the high-pressure turbine rotor 
39 (especially the rear seal 63) and the rear cooling plate 93 in the axial 
direction of the jet engine 1 . When two or more high-pressure turbine 
rotors 39 are provided, the distance Sc is regarded as an average value of 
20 the distances. A symbol Sc2 represents a minimum distance between a 
tip end of the rear flange 97 and a tip end of the rear cooling plate 93 in 
the axial direction of the jet engine 1 . A symbol Src represents a 
minimum distance between the tip end of the rear flange 97 and the tip 
end of the rear cooling plate 93 in the radial direction of the jet engine 1 . 
25 A symbol 0dv represents an angle (absolute value) formed between the 
high-pressure turbine rotor 39 (especially the rear seal 63) and the rear 
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cooling plate 93 in the meridian plane of the jet engine 1. 

Like the proportions and the numeric values of the factors of the 
distances of the rim circumstances of the front seal 61, the factors of the 
distances of the rim circumstances of the rear seal 63 are set as follows: 
5 Sc/S=0.1 to 0.2 

Sc2/S>0.2 

Src/Ra>0.005, and 

0dv<lO°. 

Next, a distribution state of dimensionless temperatures at the 
10 circumstances of the rim as measured according to the above 
configurations will be explained. 

First, Fig. 3A shows a distribution state of dimensionless 
temperatures of the rim circumstances of the front seal when the front 
cooling plate is used, and Fig. 3B shows a distribution state of 
15 dimensionless temperatures of the rim circumstances of the front seal 
when the front cooling plate is not used. In addition. Fig. 4A shows a 
distribution state of dimensionless temperatures of the rim circumstances 
of the rear seal when the rear cooling plate is used, and Fig. 4B shows a 
distribution state of dimensionless temperatures of the rim circumstances 
20 of the rear seal when the rear cooling plate is not used. 

As shown in Figs. 3A and 3B, the temperature of the rim 
circumstances of the front seal 61 was largely reduced if the front cooling 
plate 85 was used. Similarly, as shown in Fig. 4A and 4B, the 
temperature of the rim circumstances of the rear seal 63 was largely 
25 reduced if the rear cooling plate 93 was used. 

Here, the dimensionless temperature is obtained by 



22 



T/U, 
wherein 

T = air temperature at measuring position - air temperature of 
cooling air source, and 

U = combustion gas temperature - air temperature of cooling air 

source. 

Therefore, if the dimensionless temperature is 1 (T/U=l), this 
means that the air temperature at this point is the same as the combustion 
gas temperature. If the dimensionless temperature is 0 (T/U=0), this 
means that the air temperature at this point is the same as the air 
temperature of the cooling air source. 

The temperature of each portion was obtained using commercial 
fluid analyzing software. 

The entire contents of Japanese Patent Application No. 
2003-028128 (filed on February 5, 2003) are incorporated in this 
specification by reference. 

The present invention is not limited to the embodiment described 
above, and the invention can be carried out in various modes by 
appropriately changing the embodiment. 



